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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre (A) 0.4047 hectare
square foot Iti%) 0.09290 square meter
square mile (miz) 2.590 square kilometer
Volume
cubic foot (ft>) 7.4805 gallon
Hydraulic conductivity*
foot per day (ft/d) 0.3048 meter per day

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

*Hydraulic conductivity: The standard unit for hydraulic conductivity is cubic foot per day per square foot of aquifer cross-sectional area
(f/dy/f3. In this report, the mathematically reduced form, feet per day (ft/d), is used for convenience.

Other abbreviations:

gal/min  gallons per minute

ft3/s cubic feet per second
in/yr inches per year
f/d feet per day

The stratigraphic nomenclature used in this report is that of the Wisconsin Geological and Natural History Survey and does not necessarily
follow usage of the U.S. Geological Survey.
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Figure 3. Lake stage and expected range of fluctuation for Middle Genesee Lake, Wisconsin, June 1995-June 2000.

dimensional model used in this study, it was assumed
that all upgradient ground water discharges into the
lake. That is, no ground water flows beneath Middle
Genesee Lake; thus, the lake acts as a fully penetrating
boundary.

Middle Genesee Lake is a seepage lake as there are
no surface-water outlets out of the lake. Lake levels
have been measured intermittently during the period
1995-99; the mean lake level was 866.1 ft above sea
level and fluctuated about 0.9 ft above and below the
mean (fig. 3). From these data collected to date, it
appears that Middle Genesee Lake levels fluctuate in
the range expected for a ground-water flow-through,
seepage lake. The water level of a typical ground water
flow-through lake in Wisconsin can be expected to be
1.4 ft above or below the long-term mean level of the
lake about 10 percent of the time (House, 1985).

In addition to ground-water flow, other hydrologic
budget components for Middle Genesee Lake include

precipitation falling on the lake and water evaporating
from the lake surface. In southeastern Wisconsin,
annual precipitation exceeds evaporation by about

2 in/yr (Novitzki, 1982). Overland flow is assumed to
be insignificant because infiltration rates of the sandy
surface deposits are rarely exceeded by precipitation
rates. Thus, overland flow is not included as a budget
component in the hydrologic conceptual model.

DEVELOPMENT OF THE GFLOW MODEL

Initial model development included estimating the
elevation of the base of the shallow aquifer system, a
global recharge rate, and a horizontal hydraulic conduc-
tivity. The base of the model approximates the bottom
of the high conductivity unconsolidated sediments
(about 800 ft above sea level). The recharge rate and
horizontal hydraulic conductivity were considered cali-
bration parameters; thus, these parameters were varied
during model calibration. Initially, recharge was set to
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5.9 in/yr and horizontal hydraulic conductivity set to
250 ft/d based on previous modeling results in the area
by Hunt and Krohelski (1996).

The ground-water flow model consists of the “far-
field” and “near-field” elements. Based on the concep-
tual model, the location and elevation of far-field sur-
face-water features were added to the model (fig. 4a).
These are rivers and lakes distant from Middle Genesee
Lake that are simulated with coarse linesinks and little
or no resistance between the surface-water features and
the ground-water system (that is, simulated as having
good hydraulic connection). The purpose of simulating
the far-field features is to have the model explicitly
define the regional ground-water-flow field around
Middle Genesee Lake area (called the “near field”). The
near field is the primary area of interest and in this study
encompasses the Upper, Middle, and Lower Genesee
Lakes, as well as other nearby features that affect the
hydrology of the lakes (fig. 4b).

Streambed sediment resistance in the near and far
field was set equal to 0.3 days. Resistance in analytic
element modeling is calculated by dividing the stre-
ambed sediment thickness by the vertical hydraulic con-
ductivity. For this model, the value of 0.3 days
corresponds to a 1-ft sediment thickness and a vertical
hydraulic conductivity of 3.3 ft/d. The width of the
stream was assigned according to stream order, and
ranged from 10 to 50 ft. Parameter sensitivity assess-
ments within UCODE demonstrated that the model
results are not sensitive to changes in stream resistance
when varied over reasonable ranges; therefore, the val-
ues for specific streams were fixed in all model runs.

Streams in the far field are not used for flux calibra-
tion; thus, streams are simply modeled as individual
linesinks. In near-field streams a special type of linesink
was used, called a “stream element” (Mitchell-Bruker
and Haitjema, 1996). This element consists of linked
linesinks that route water from high elevation linesinks
to low elevation linesinks. During the routing through
the stream network, the amount of water captured from
and lost to the shallow ground-water system by the
stream is tabulated. This accounting allows easy deter-
mination of fluxes from any linesink in the stream net-
work that includes flows from all the upstream
linesinks. More importantly, the accounting also
ensures that the amount of stream water lost to the
ground-water system is restricted to the amount of
water available (that is, water delivered from upgradient
linesinks in the network). For streams where the head-
waters are not included in the model domain, a headwa-

ter inflow term can be specified. This option was
utilized for the Bark River — a stream with a large flow
duration data set and one that includes an appreciable
headwater reach that is not in the model domain. Based
on field measurements at the Delafield Dam, the
amount of headwater inflow was set to 28.3 ft*/s, and
was added to the stream element immediately downgra-
dient of the dam (fig. 4b).

Lakes where simulation of lake stage is not desired

-(lakes not adjacent to Middle Genesee Lake) were sim-

ulated using linesinks with resistance. Drainage lakes in
the near field were linked to the stream network by
stream elements based on the methodology of Hunt and
others (1998). The value of resistance was assigned
according to the lake’s geologic setting (for example, in
sandy sediments, near wetlands). The resulting resis-
tance varied over a small range (from 0.3 to 2.0 days).
Similar to Hunt and Krohelski (1996), simulation of
Duck Lake, and Upper, Middle, and Lower Genesee
Lakes used inhomogeneities (change in aquifer proper-
ties) rather than the linesinks used to simulate the
streams and the far-field lakes. This formulation allows
the model to account for the average rate of precipita-
tion and evaporation and directly solve for lake stage,
whereas linesinks require the input of a fixed lake stage.
Use of inhomogeneities required the specification of a
hydraulic conductivity in the lake three orders of mag-
nitude larger than the aquifer to represent the equipoten-
tial surface (Hunt and Krohelski, 1996; Chung, 1998).
Lakes simulated with inhomogeneities ensure that the
water table in the vicinity of Middle Genesee Lake is
allowed to fluctuate and is not overspecified by head-
dependent flux boundaries.

MODEL CALIBRATION

The model solution using the initial parameter val-
ues resulted in a water-table configuration (fig. 4b) sim-
ilar to the water table presented by Gonthier (1975) with
water flowing from the northeast to the southwest in the
Middle Genesee Lake area. In order to determine the
“best fit” of model results to measured values of water-
table elevation and streamflows, a more formal calibra-
tion process was used (described below).

Calibration targets are measured field data, which
are used to evaluate how well the model represents the
hydrologic system. The targets used here include both
ground-water levels and streamflows (fig. 4b). Only
existing field data were used in this study; no additional
data were collected. Ground-water levels for 17 existing
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Table 1. Measured and simulated values and weight of calibration targets

[Lake stage and ground-water levels are in feet above sea level and streamflow is the 50-percent flow
duration in cubic feet per second. Weights for targets are reported as standard deviations. Head targets
are divided into near-field targets (standard deviation equal or less than five feet) and far-field targets

(standard deviation equal 10 feet). Lake locations are shown in figure 1; ground-water level and flux

target locations are shown in figure 4b.]

Calibration target Measured — Simulated =  Residual Weight
Lake stage (feet above)
Middle Genesee 863 862.62 0.38 1
Lower Genesee 862 861.85 15 4
Upper Genesee 864 865.07 -1.07 4
Duck Lake 864 864.47 -47 4
Ground-water level (feet above)
JE_1 845 859.85 -14.85 10
JE_3 839 844.89 -5.89 10
JE_4 830 849.52 -19.52 10
JE_S 836 849.55 -13.55 10
01WK 889 884.29 471 5
WK_1 865 863.86 1.15 5
WK_2 869 864.89 4.12 5
WK_3 864 868.71 -4.71 5
WK_4 870 867.17 2.83 5
WK_5 868 868.99 -.99 5
JE_6 834 852.02 -18.02 10
WK_7 868 865.33 2.67 5
WK_8 867 868.95 -1.95 5
JE_7 841 845.95 -4.95 10
WK_9 857 858.30 -1.30 5
WK_11 869 874.51 -5.51 5
WK_12 869 863.23 5.77 5
Streamflow (cubic feet per second)
Bark River near 77 773 -0.3 2.3

Rome, Wisconsin

wells were obtained from well-construction reports. In
addition to the ground-water levels, calibration targets
representing the lake levels for Duck Lake as well as
Upper, Middle, and Lower Genesee Lakes also were
used. Data from a historical streamflow gaging station
on the Bark River gaging station at Rome, Wisconsin,
also were used as a calibration target. This target was
used to constrain the simulated fluxes and associated
regional recharge. Average conditions (here defined as
the “Qsy” or flow that occurs 50 percent of the time)
were used for calibration; the Qs flow duration was
estimated to be 77 ft/s for the Bark River gaging sta-
tion. The relation of the target to the model calibration
is such that lower values of the streamflow target result

in lower rates of recharge and lower corresponding hor-
izontal hydraulic conductivity.

The GFLOW model was coupled to UCODE (Hill
and Poeter, 1998) to formulize the selection of an opti-
mal set of parameters (a set that best matches observed
ground-water levels and flows). One of the most impor-
tant operations in using a parameter estimation tech-
nique such as that used in UCODE is assigning weight
to the observations. The weights assigned to each cali-
bration target and results of the optimized model solu-
tion are shown in table 1. Distant calibration targets and
those with higher uncertainty were assigned lower
weight for the calibration process. Lake stage and
ground-water levels are in feet above sea level and
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